The discovery that thalidomide can cause human malformations has been followed in recent years by a large number of reports of malformations in the offspring of women who have taken other drugs in pregnancy. But it has remained uncertain whether any of these drugs are teratogenic, since those reporting on them have not been in a position to relate their findings to the distribution of malformations in the general population.
There are two reasons why population data are needed for the interpretation of associations between drugs and malformations. Firstly, the relative frequencies of the different types of defects in the general population need to be compared with those in affected children born after exposure to the drug in question; if teratogenic, it is likely to cause only a few specific types of defects, which will therefore be present in an abnormally high proportion of the exposed group. Secondly, comparisons between the population incidence of malformations at different times are needed to detect or exclude the changes that are likely to occur if any drug which is being used increasingly has teratogenic properties. These changes may be either prolonged trends or shortterm fluctuations. If a drug is used to treat endemic conditions such as anxiety or morning sickness, its output is likely to rise gradually as it becomes more widely known, and consequently any related increase in the malformation rate is also likely to be prolonged. Short-term fluctuations in incidence may occur if a teratogen is being used in the treatment of epidemic diseases (of which the commonest in pregnancy is influenza).
In three previous reports (Leck and Millar, 1962, 1963; Leck, 1963) we examined the incidence of certain malformations in Birmingham for shortterm fluctuations between 1957 and 1961, and found * This inquiry was assisted by a grant from the Association for the Aid of Crippled Children, New York. some evidence of increases following influenza epidemics. In the present communication, the same data, extended to include births in 1962-63, are examined for prolonged trends, and also used as a standard with which to compare the relative frequencies of different types of malformations in affected children born after exposure to meclozine, a drug which several workers (e.g. Watson, 1962; Pettersson, 1964 ) have suspected of teratogenicity. As there was an outbreak of influenza at the beginning of 1962, the possibility of a repetition of the increases in incidence observed after earlier epidemics is also examined.
MATERIAL AND METHODS
At the close of each of the last three years , data on malformed children born during the year and resident in Birmingham at the time of death or survey have been obtained from necropsy reports and other Local Authority records of stillbirths and dead children, and from health visitors and lists of hospital admissions. The 1961 survey (which also included births in 1957-60) was described by Leck and Millar (1963) ; during the period covered by this survey 102,042 children (including stillbirths) were born to parents resident in Birmingham at the time. The number resident at the time of death or survey (including immigrants) was rather smaller, and similar discrepancies are a feature of the population figures for 1962-63 (Table I) . 
INCIDENCE OF MALFORMATIONS FROM DRUG TERATOGENESIS
The 1961 survey was restricted to types ofmalformations in respect of which the methods used were thought likely to give fairly complete ascertainment; but, when the records of deaths and hospital admissions in 1962-63 were searched, several hitherto unknown cases of these defects were ascertained in children born in 1957-61. Almost all these children had hydronephrosis, hypospadias, cleft lip, or cleft palate. Most of those with hydronephrosis or hypospadias were more than a year old at the time of the original survey and, as there seems to be no practicable way of ascertaining all cases of these defects in infancy, they will not be considered further. There were six new cases of cleft lip (one born in 1959, one in 1960, and four in 1961) and four of cleft palate without cleft lip (one born in 1957 and three in 1961); as most of these children were only a few months old at the time of the 1961 survey, it was probably because they were too young to have been admitted to hospital that they were not ascertained from in-patient records at that time. To minimize this source of error, hospital waiting lists as well as in-patient records were examined in the most recent survey, and cases listed in the first half of 1964 as well as in 1963 were included.
The only other 1957-61 cases ascertained since the first survey were two with spina bifida (born in 1959 and 1960) and single cases of anal atresia (1960), radial agenesis (1961), and diaphragmatic hernia (1961) .
TOTAL INCIDENCE
147,500 children (including stillbirths) were born to Birmingham residents in 1957-63, and the frequency of malformations in this population is examined in Table 11 . Basic data for 1957-61 are not included since they were given by Leck and Millar (1963) . As in the earlier paper, incidence was estimated on the assumption that the malformation INCIDENCE OF MALFORMATIONS rates observed in children living in the city at the time of survey applied also to the rather larger number who were resident at birth and not known to have died. The estimates of incidence for 1957-61 differ slightly from those published earlier, since they include cases ascertained since 1961 and exclude two instances of spina bifida occulta (a survivor born in 1958 and a 1961 stillbirth).
From the estimates of incidence for 1957-63 given in the last column of Table II , the expected distribution of defects in a sample of thirteen malformed children was calculated, and compared (in Table III) with the distribution observed in the thirteen British children with defects of these types reported to have been born after the administration of meclozine (Carter and Wilson, 1962; Fagg, 1962; Macleod, 1962; Watson, 1962; Salzmann, 1963; Smithells and Chinn, 1963, 1964 In order to demonstrate whether the incidence of any defect showed a prolonged trend, separate rates were computed for three periods: 1957-59, 1960-61, and 1962-63 . The first period was made longer than the others because the birth rate was lower at that time. The rates for each period are shown in the Figure, together with the results of X2 tests applied to the rates for each malformation.* According to * The numbers of malformations used in the x2 tests were those actually observed. They did not include cases in children removed from the city and were thus related in most instances to populations rather smaller than the total number of city births. These populations were estimated by dividing the observed numbers of malformations by the rates shown in the Figure (which like those in Table II (0901 P -090) 1957-1960-1962-1957-1960-1962-1957-1960-1962- these tests the decrease shown by anencephalus and the 1960-61 peak in the incidence of amelia and phocomelia were very highly significant. With these exceptions the most marked changes were those in respect of cleft lip and defects of the thumbs and radii, and each of these changes was practically confined to a single year: the incidence of radial and thumb defects was greatly increased in 1958 (Leck and Millar, 1963) and the rate for cleft lip was particularly low in 1963 (Table II) . The fluctuation shown by amelia and phocomelia is broadly similar in form to that exhibited by the output of thalidomide 9 months earlier (Leck and Millar, 1962; Smithells and Leck, 1963) , and can reasonably be ascribed to the use of this drug in early pregnancy. The fact that none of the other malformations examined has become substantially commoner in recent years seems to be consistent with the view that, with the exception of thalidomide, none of the drugs which were used increasingly in the treatment of endemic conditions during this period is an important cause of human malformations.
INCIDENCE FOLLOWING INFLUENZA EPIDEMICS
Following an analysis of claims to sickness benefit received at the National Insurance offices in Birmingham, it was concluded in a previous communication that influenza might be regarded as epidemic in the city when the weekly number of new claims was more than 1,500 above the 1953-61 average for the Lime of year. Three such epidemics occurred during the period when the children born in 1957-61 were susceptible to teratogenic agents, and four defectscleft lip, oesophageal atresia, anal atresia, and exomphalos-were shown to be significantly commoner among births 26-40 weeks after these epidemics than in the remainder of 1957-61 (Leck, 1963) .
Influenza was again epidemic between December 20th, 1961, and January 23, 1962. 8,129 births occurred 26-40 weeks after this epidemic and 37,329 during the remainder of 1962-63. In Table IV these two groups of births are compared in respect of the incidence of the four defects which showed significant increases following earlier epidemics.* Although the individual defects did not all become more common after the 1961-62 epidemic, the incidence of all children with these defects again showed a considerable rise, whereas the rate for other malformed births did not increase materially. Following the 1957-61 epidemics, especially marked increases were shown by the incidence of cases in which the four malformations were associated with each other (Leck, 1963) or with other defects. The increase which followed the 1961-62 epidemic was also rather more marked in cases with multiple defects (Table V) , but on this occasion only one of the four characteristic malformations (associated with one or more other defects) was present in each case. The incidence of single and multiple defects during the whole period 1957-63 is examined in Table VI (overleaf).
The statistically significant increases following epidemics shown by cleft lip, oesophageal atresia, anal atresia, and exomphalos were all especially pronounced in respect of births with multiple defects. On the other hand, the incidence of individuals with multiple defects not including one of these four malformations was not increased following epidemics. * The rates given in Tables IV-VII, unlike those quoted earlier, are not corrected for children who left the city before they could be ascertained, since the two sets of uncorrected rates would be affected almost equally by emigration and can therefore be compared directly. At first sight these findings seem to suggest that influenza may be a cause of the four defects mentioned, and especially of cases in which these defects are associated with each other or with additional malformations. However, this suggestion is not supported by a comparison between the amount of sickness among insured workers caused by each epidemic and the changes in malformation rates which followed (Table VII) . The incidence of the four defects occurring singly was highest after the smallest epidemic, and did not rise after the most extensive one. Cases with multiple defects were also commonest after the smallest outbreak. This association between the smallest epidemic and the largest increases in malformation rates is the reverse of what might have been expected if the rates had been affected by influenza itself. It is however possible that the disease is related to a teratogenic influence-perhaps a therapeutic agent-which was especially widespread in the 1960-61 epidemic. In an attempt to identify this influence (if it exists) an inquiry into the antenatal history of the affected children born in Birmingham after epidemics is now being planned. SUMMARY Data relating to 147,500 Birmingham children (including stillbirths) born in 1957-63 were used to estimate the incidence of the more common, severe, and readily-diagnosed malformations. The use of the figures as a standard with which to compare the types of defects observed after the taking of drugs in pregnancy was illustrated by reference to meclozine, which was not found to be associated with any particular type of defect.
No type of malformation showed a formally significant increase extending over the whole period, although anencephalus became less common and the incidence of amelia and phocomelia rose and then fell. An influenza epidemic in 1961-62 was followed by an increase, comparable to those observed previously, in the combined incidence of cleft lip, oesophageal atresia, anal atresia, and exomphalos.
The findings seem to be consistent with the view that thalidomide may be the only teratogenic agent among the drugs which have been used increasingly in recent years to treat non-epidemic conditions in pregnancy; but the possibility that the incidence of malformations is affected by the treatment of epidemic infections needs further study.
For access to the above data I am greatly indebted to Dr E. L. M. Millar (Medical Officer of Health, Birmingham) and his staff, and to the medical staff and statistical and records officers of local hospitals. I am also grateful to Mrs Eileen Armstrong, Miss Ida Giles, and Mrs Betty Mann, for help in assembling the data.
